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度范围为 133-1116 µmol·L-1，平均为 331 ± 242 μmol·L-1。梯级电站河段对营养盐
存在明显的滞留作用。总体上 NO3
-
-N 为主要形态（占 DIN 的 63 ± 20%），但枯
水期上游重污染河段以 NH4
+
-N 为主要形态（占 DIN 的 67%）。枯水期 DIN 浓
度高于丰水期（1 月>3 月>6 月），受水停留时间影响，枯水期的氮污染削减作
用明显大于丰水期。梯级电站河段沉积物中的 TOC/TN 含量和比值较高。沉积物
TN 与 TP 含量与表层水营养盐浓度正相关，反映了流域污染向河流输入的结果。 








匀，可能主要来自水柱的硝化作用。温度和 DO 是导致∆N2 季节变化的主因，而
























（滞留率），但占总的氮滞留量的 85%。相比世界上其他系统，九龙江 DIN 负
荷高，气态氮去除效率较低。尽管 N2O 产量（占气态氮去除的 1%）处于较低水






















River is an important channel for nutrients export from watershed to the coast. 
The cascade dam developments for hydroelectricity generation have substantially 
changed the river hydrology and biogeochemistry of nutrient. This study targeted a 
typical subtropical river - the North Jiulong River. Xipi hydroelectric Reservoir on the 
middle reaches selected as the representative study site. A comprehensive observation 
and incubation were carried out to measure nutrients and gaseous nitrogen (both N2 
and N2O) across sediment-water-air interface. Furthermore, the study extended to the 
Mayang canal-pond-stream continuum, a source waterways to measured nutrient and 
gaseous N, allowing for a simple comparison with reservoir result. Based on the flied 
survey and incubation, the key biogeochemical processes and flux of nutrients and 
gaseous N in the river-reservoir system were examined and gaseous N removal by the 
river-reservoir was evaluated. The main findings and conclusions are summarized as 
following. 
First, nutrient concentrations and composition along the North Jiulong River 
were regulated by watershed nutrient loads, discharge and dam construction. The 
spatial pattern of nutrients in surface water was characterized as ―higher in upstream 
and lower in downstream‖. DIN concentration ranged from 133 to 1116 μmol·L
-1
, 
(averaged 331 ± 242 μmol·L
-1
), there was an obvious retention occurred in the reach 
where cascade hydropower stations installed. In general, NO3
-
-N dominated DIN in 
the river (63 ± 20% of DIN). NH4
+
-N became the main form of DIN (67% of DIN) 
during dry season in the upper reach where received a large magnitude of human and 
animal wastes around Longyan city. Under low flow condition (dry season), the water 
residence time was long and DIN concentration was enriched compared with high 
flow condition (DIN concentrations were ordered as February>March>June). 
Meanwhile, DIN retention was larger in dry season than in wet season. Moreover, a 
high sediment TOC/TN content and C:N ratio were found in the hydroelectric dam 
impacted reach, which facilitate sediment denitrification. TN and TP content in 
sediment were positively correlated with nutrients concentrations (i.e., DIN, DRP) of 
surface water, indicating nutrient pollution from watershed have impacted river. 
Second, N removal did occur along the river-reservoir system. The spatial and 
vertical distribution of gaseous N in water was controlled by the interactive effect of 
hydrology, geomorphology and biogeochemistry. Larger excess N2 and N2O (△N2 















from upper dam were mixed with the shallow river. The lower △N2 and △N2O 
observed in the lacustrine zone compared with the riverine zone was due to the 
gradually escape of excess N2 and N2O to the atmosphere (gaseous N removal through 
emission) during fluvial transport downstream, and the dilution of tributary water with 
low gaseous N. A vertical variation of △N2 in the water column was found in the 
lacustrine zone. Combined with lab and in-situ incubation results, we infered that 
excess N2 mainly derived from denitrification that occurred in the sediment-water 
interface. In combaining with the messages form physicochemical characteristics and 
abundances of N cycling-associated bacteria in sediment samples, we concluded that 
an intensive denitrification typically occur in deep water (e.g., lower transitional zone 
and lower lacustrine zone). Different from N2, △N2O distributed evenly in the water 
profile, indicating N2O was mainly origin from nitrification in water column. Spatial 
variation of △N2 was associated with temperature and DO level, while △N2O was 
mostly influenced by DIN concentrations. In general, NH4
+
-N and DRP in sediment 




-N were adsorbed to 
sediment. Nevertheless, nutrients fluxes across sediment-water interface varied with 
season. This suggested that the sediment play an important role in the N cycling in 
reservoir. 
Third, gaseous N removal only accounts for less than 1% of N load, however, it 
contributs 85% of N retention in the lacustrine zone of Xipi reservoir. Comparing 
with other systems in the world, DIN load in Jiulong River was fairy high, result in a 
low effectiveness of gaseous N removal. Despite N2O yield only accounts for 1% of 




. Dissolved N2O was saturated 
as 463 ± 234%, suggesting that the reservoir was an N2O source to atmosphere.  
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富营养化成为全球普遍现象（Vitousek et al., 1997; Smith et al., 1999; Conley et al., 
2009）。伴随富营养化问题的是一系列负面的环境与生态效应，包括水体酸化
（Hornung, 1999; Bouwman et al., 2002; Cai et al., 2011），近海有害藻华（Nixon, 
1995）和低氧区（死海区）的形成（Diaz et al., 2008），生物多样性的减少（Martin, 
1996），温室气体的排放（Matthews, 1994）等。水体营养盐污染已成为制约全球
或区域可持续发展的主要问题（Liu et al., 2012）。河流是营养物质从流域向河口







中氮、磷的重要来源（Søndergaard et al., 2001; Komatsu et al., 2006）。在一定条件
下，沉积物中的氮磷向上覆水释放并被生物吸收利用，易造成水质恶化和水体富
营养化（Golterman, 2001; Komatsu et al., 2006）。 
全球尺度流域营养盐输出模拟结果表明，亚州流域无机氮磷的输出在未来将
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（Chen et al., 2012）。九龙江口无机氮和磷浓度比上世纪 80 年代增加了 2-3 倍
（Yan et al., 2012）。自上世纪末特别是 2000 年前后九龙江流域梯级水电站大量
修建（朱俊雄, 2007）。2009 年初，九龙江北溪上游发生拟多甲藻水华并向下游















殖和化石燃料燃烧，加倍了氮进入陆地生态系统的通量（Galloway et al., 2004）。
土壤中的氮经过地表和地下水文过程最终进入河流。当然，大气中的氮亦可以通


























Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
